Background Shared decision-making (SDM) is optimal in the context of periviable delivery, where the decision to pursue life-support measures or palliation is both preference sensitive and value laden. We sought to develop a decision support tool (DST) prototype to facilitate SDM by utilizing a user-centered design research approach. Methods We convened four patient and provider advisory boards with women and their partners who had experienced a surviving or non-surviving periviable delivery, pregnant women who had not experienced a prior preterm birth, and obstetric providers. Each 2-h session involved design research activities to generate ideas and facilitate sharing of values, goals, and attitudes. Participant feedback shaped the design of three prototypes (a tablet application, family story videos, and a virtual reality experience) to be tested in a final session. Results Ninety-five individuals (48 mothers/partners; 47 providers) from two hospitals participated. Most participants agreed that the prototypes should include factual, unbiased outcomes and probabilities. Mothers and support partners also desired comprehensive explanations of delivery and care options, while providers wanted a tool to ease communication, help elicit values, and share patient experiences. Participants ultimately favored the tablet application and suggested that it include family testimonial videos. Conclusion Our results suggest that a DST that combines unbiased information and understandable outcomes with family testimonials would be meaningful for periviable SDM. User-centered design was found to be a useful method for creating a DST prototype that may lead to improved effectiveness, usability, uptake, and dissemination in the future, by leveraging the expertise of a wide range of stakeholders. This study was presented as an oral presentation at the 9th Annual International Shared Decision Making (ISDM) conference in Lyon, France in July 2017.
Introduction
Periviable neonates, delivered between 20 and 26 weeks gestational age [1] bear the greatest burden of infant mortality and morbidity. Born too early to survive outside of the womb without ventilator support and intensive care, roughly half of these neonates will die, and among survivors, more than two-thirds will suffer moderate to severe cognitive and physical impairments [2] [3] [4] [5] . Despite advances in neonatal intensive care, long-term neurodevelopmental outcomes for these infants have improved by only modest amounts [6, 7] . These births are both financially and emotionally costly [8] [9] [10] ; the Centers for Disease Control has estimated that extreme prematurity results in US $26 billion in annual healthcare costs [11] , and parents' long-term mental health and functioning can be compromised, resulting in depression, anxiety, and post-traumatic stress disorder [12] .
Decision-making regarding periviable resuscitation presents prospective parents and physicians with the unfortunate challenge of making 'end-of-life' decisions at the very beginning of life. Because survival is relatively infrequent and outcomes are poor, the American Academy of Pediatrics calls for shared decision-making (SDM) when families face resuscitation decisions, so that parents are engaged in deliberations, and, ultimately, choose whether to attempt resuscitation or pursue palliation [13, 14] . Though parents may have religious or cultural values that inform their preferences [15] , it is unlikely that they have considered this decision as a possibility until they are faced with it. As a result, when facing this situation, they may initially have limited insight into the attitudes, values, or goals of care that shape their preferences.
Despite the American Academy of Pediatrics' recommendations, along with patient desires for SDM [14, [16] [17] [18] , the current model of periviable decision-making is not shared, well informed, or patient centered [19] [20] [21] [22] [23] . In previous work, we found that physicians are not skilled at eliciting values and preferences, or in helping parents to clarify their priorities in the course of periviable counseling. Though they frequently acknowledge that the decision depends on the parents' values, physicians do not typically assist parents in the deliberation needed for preference construction [22, 23] . In addition, mortality and morbidity estimates that are provided are variable and inaccurate [16] ; there is conflicting guidance regarding antenatal interventions, such as steroid administration; and goals of care or resuscitation preferences are not always elicited [21] . By presenting parents with inconsistent information without eliciting and clarifying values and goals of care, providers place parents at substantial risk for misinformed decision-making, decisional conflict, and regret, which may have long-term implications for parental mental health and quality of life.
Decision support tools (DSTs) are used to assist providers in the task of conveying complex information to patients and facilitating values clarification in service of creating more shared, informed decision-making encounters for patients and providers. User-centered design (UCD) has the promise to ensure that DSTs are designed with end-users-in our case, providers, patients and their family members-in mind. These approaches to design are 'human centered', in that the end result of the design process is intended to be intuitive, and that the process by which the products, systems, and services are designed is collaborative, with stakeholders included as partners at every step of the design process. In an effort to facilitate more patient-centered periviable counseling encounters, we set out to utilize a UCD approach in developing a prototype of a DST, which we call the Periviable GOALS (Getting Optimal Alignment around Life Support decisions) tool, to facilitate informed SDM regarding whether to opt for neonatal resuscitation versus comfort care in the context of periviable delivery. Our primary objectives were to (1) engage patient and provider advisory boards (PABs), to identify attitudes, values, and goals of care that drive resuscitation decisions; and (2) use generative data from these PABs to co-design a decision support GOALS tool prototype suitable to test in a future, planned, multisite, randomized controlled trial.
Methods
This study was conducted by Indiana University (IU) Department of Obstetrics and Gynecology in partnership with the Indiana Clinical and Translational Sciences Institute Patient Engagement Core and the University of California at San Francisco (UCSF). The institutional review boards at IU (IRB protocol #1606279321) and UCSF (IRB protocol #16-20705) approved this study.
User-Centered Design Research
The term 'user-centered design' (UCD) has its roots in human-computer interaction, industrial design, and cognitive psychology. This approach incorporates information about the people who will use the product and studies how they interact with it to develop intuitive tools and systems for people to use [24, 25] . These approaches to design are 'human centered', in that the end result of the design process is intended to be intuitive, and that the process by which the products, systems, and services are designed is collaborative-with stakeholders included as partners at every step of the design process [26] . While UCD sessions have some similarities to traditional focus groups, in that it is a "research technique that collects data through group interaction on a topic determined by the researcher" [27] , UCD techniques differ in important ways from conventional focus group testing. UCD does not typically rely on simply asking questions in a group interview style typical of focus groups. The kind of explicit knowledge that is gained by asking questions in this manner is often already known. Instead, in UCD sessions, participants participate in a series of generative activities. One author explains, "People can't always tell you in words about their unmet needs. If they could, they would probably no longer be unmet" [28] . To overcome these barriers and access unacknowledged and unrealized needs, UCD often utilizes unconventional activities that elicit tacit and latent knowledge of the participants by observing what participants do, say, or make.
Study Population and Recruitment
Stakeholders were convened into four advisory boards: women, and their support persons, with a history of a periviable delivery (22/0-24/6 weeks) whose children survived (PAB 1) or did not survive as a result of unsuccessful resuscitative efforts or complications in the neonatal intensive care unit (NICU), or because parents' opted for palliation (PAB 2); pregnant women within the gestational window of periviability (20/0-25/6 weeks) and their support persons (PAB 3); and obstetric and neonatology physicians and nurses (PAB 4). The study schema and UCD strategy are depicted in Fig. 1 . We defined a 'support person' as a partner or family member who was or would be directly involved in deliveryor treatment-related decisions for the mother and her baby. To participate in this study, individuals were required to be at least 18 years of age and speak English or Spanish.
Women with a history of a periviable delivery (22/0-24/6 weeks gestation) (PABs 1 and 2) were identified using institutional databases from IU and UCSF of NICU admissions and bereavement nursing records. Using a call script, trained research assistants contacted eligible candidates whose delivery date occurred more than 1 year prior, but within 5 years of the study period. Pregnant women between 20/0 and 25/6 weeks gestation were recruited from outpatient obstetric clinics affiliated with IU and UCSF. These women were encouraged to bring their partner or support person to the session if they so desired. Due to the volume of staff, scheduling constraints, and concerns about power differentials, three separate provider sessions (PAB 4) were conducted: one for physicians and two for nurses. Obstetricians and neonatologists from IU participated in a session conducted over lunch during time slated for their regularly scheduled mother-baby conference. Research assistants conducted two sessions with nurses during weekly staff meetings. Subsequently, research assistants followed up, via email and phone calls, with PAB representatives who expressed an interest in participating in the final session to test prototypes.
The 'Explore' Sessions
Across the two sites, 14 sessions were held with PABs to explore the optimal mode and appropriate timing for delivering an SDM tool in the setting of threatened periviable delivery (IU = 6, UCSF = 8). Each session began with an icebreaker and warm-up activity to build rapport among the participants and research team members, which was followed by an introduction to the study objectives to frame the session. PAB sessions involved small and large group activities facilitated by the design research team and research assistants. Separate PAB sessions were conducted across the two sites-IU and UCSF-in an effort to capture a more racial/ethnically and regionally diverse population. In particular, two UCSF panels were conducted in Spanish to enrich our sample with Hispanic/Latina participants. One or more of the following design research activities were utilized to elicit a large amount of participant-generated data.
Experience Mapping (Periviable PABs 1 and 2)
Experience mapping is an exploratory activity in which participants are asked to draw out their movements and interactions during a particular experience (e.g., periviable delivery) [29] . This can illuminate the holistic highs and lows people experience during a particular interaction and may uncover key moments that, once improved, will unlock a more valuable overall experience. Participants in the periviable PAB sessions were given a large sheet of paper with an S-shaped timeline with three bullet prompts to guide an indepth discussion: (1) the time you learned that you were at risk of having an early delivery, (2) the moment in the delivery room, and (3) your life 1-year postpartum (Fig. 2) . The facilitator further prompted participants by asking them to imagine themselves in that moment and describe the setting, the people involved, and their reactions in the moment. A design research specialist captured each person's experience on a sticky note and added it to the paper timeline, creating a large map of shared experiences.
Icon Collage (Pregnant PAB 3)
Icon collage is a visualizing technique where participants are asked to express themselves in media other than words. This type of approach aids in common understanding, allows ideas to be shared and discussed, and reveals relationships that might not be accessible in verbal presentations [30] . Pregnant women and their partners were asked to imagine being in a hypothetical scenario in which they learned that they were at risk of delivering very early and had to decide whether to pursue life-supporting measures or comfort care. Participants were given a set of 20, one-inch round icons of objects that are not directly related to periviable delivery (e.g., book, dollar sign, bed), people figures, body parts (i.e., eye, ear) and colors and one large, white sheet of paper with a box drawn on it that represented the decision for resuscitation or palliation. Participants were instructed to create a collage by (1) gluing icons inside the parameters of the box representing the items, thoughts, or feelings that they would utilize in making a treatment decision for their baby, and (2) gluing icons outside of the box that they would definitely not want during the decision-making process. All neutral icons were left off the paper. See Fig. 3 for an example of a completed activity. Finally, participants were asked to show their collage to the group and explain aloud why they chose the images they chose.
Alien Artifact (Provider PAB 4)
Alien Artifact is a generative drawing activity that encourages participants to envision 'blue sky' concepts for solving problems related to the topic of discussion. Participants are asked to imagine that aliens from another planet invented a device that helps them solve a problem or accomplish a certain outcome related to the topic [28] . They are then prompted to imagine and draw the device on a worksheet, and then describe their device in a group discussion. Physicians and nurses were asked to imagine an artifact that would help them support patients when making general difficult decisions. After a brief round table discussion, researchers asked the providers to draw another alien artifact that would help them support mothers and their families facing the threat of a periviable delivery. Another round of discussion ensued. See Fig. 4a , b for examples.
Analysis of the Initial PAB Sessions
Transcripts, observer notes, and activity sheets were reviewed and analyzed by the Patient Engagement Core. Data from all four sessions were transcribed as concepts onto sticky notes, which are traditionally used in peoplecentered design research [31] , and then combined into key themes that were arranged into a matrix of the 'should haves', 'could haves', and 'can't haves' of the tool [32] . Using this matrix, the design researchers then engaged in brainstorming sessions to translate stakeholder insights. Unrefined, 'wild ideas' are deconstructed into refined concepts that are then narrowed into prototypes that can be applied in the real-world setting [33] . Specifically, designers seek to use these insights to inspire prototypes that will be feasible, effective, and desirable for the stakeholders. Three GOALS DST prototypes were generated through Fig. 2 Experience mapping activity. In this experience mapping activity, women who experienced a periviable delivery and their support partners were encouraged to discuss key events throughout their pregnancy and delivery experiences using a S-shaped timeline to specifically prompt discussion of three specific events: (1) the moment they learned that they were at risk of having an early delivery, (2) the delivery room experience, and (3) their life 1-year postpartum Fig. 3 Icon collage activity sheet example. Shown is an example of the icon collage activity, which prompted pregnant women and their partners to identify items, thoughts, or feelings (represented by icons) that they would want or not want when making treatment decisions in the event of a hypothetical periviable delivery analysis of the stakeholder sessions: a tablet application (app), family story videos, and a virtual reality experience.
The 'Test' Session
The team presented the three GOALS DST prototypes at the final session with a subset of representatives for each of the PABs to obtain feedback on the acceptability of each proposed delivery platform. At the start of the session, participants were divided into three groups, with at least one PAB representative in each group. A prototype was set up at each station with a facilitator to demonstrate and ask follow-up questions for feedback. After all participants had interacted with each prototype, a group discussion was held to discuss the participants' thoughts, suggestions, and concerns.
Prototype 1: Tablet Application
The first prototype was presented in paper format with a facilitator explaining step by step how it would ideally work if programmed into a tablet app (see the electronic supplementary material, Online Resource 1). The likelihood of several outcomes, including neonatal death and survival with mild, moderate, or severe disabilities, was displayed, and users could click on a link to learn more about each outcome. Additionally, the tablet app included values clarification questions to help the patient think through her primary concerns and anxieties related to the decision she was facing. The final screen provided a print out of the estimated neonatal outcomes and values clarification responses to be shared with providers to facilitate further discussion regarding the best course of action.
Prototype 2: Family Story Videos
The second prototype consisted of a storyboard for a short documentary-style video describing the day-to-day lives of children with various outcomes resulting from extremely preterm birth. Online Resource 2 (see the electronic supplementary material) illustrates just one example of neonatal outcomes that may result from delivery at 23 weeks gestation. Participants were informed that these outcomes vary based on additional factors such as gestational age, antenatal steroid use, birth weight, etc. A facilitator presented the storyboard in paper format and explained that its purpose was to help families visualize terms such as 'moderate physical and mental disabilities' that providers use when discussing potential outcomes of periviable deliveries. The storyboard included three stories about Corey, Bobbie, and Anna to illustrate, mild, moderate, and severe disabilities, respectively.
Prototype 3: Virtual Reality Experience
The third prototype used virtual reality goggles, an iPhone, and a YouTube video to generate a periviable delivery room virtual reality experience, as videos pertaining to resuscitation and the NICU experience are not readily available. A facilitator explained the scenario for this DST, in which a virtual reality physician introduces three different scenarios: resuscitation, the NICU experience, and a day in the life of a family 1-2 years after experiencing a periviable birth (see the electronic supplementary material, Online Resource 3). Because these scenarios were not available in video format, a facilitator first explained the scenario to the participants, and then, to get a greater understanding of how virtual reality works, participants watched a video documenting a delivery in the hospital, using the goggles.
Analysis
Recommendations for the final prototype version were based on design research analysis and incorporated feedback from PABs in the final session. Session audio and video recordings were reviewed and session materials were analyzed using a blend of design research and qualitative descriptive methodologies similar to analysis of the initial PAB sessions, including Ackoff's Data-Information-Knowledge-Wisdom scheme [34] . Key themes were transcribed onto Post-it Notes [31, 32] . Using a criteria grid, the design research team individually assessed the feasibility, desirability, and effectiveness of all three prototypes based on stakeholder feedback to recommend a final prototype.
Results
Ninety-five stakeholders participated in the preliminary PAB sessions at IU and UCSF (48 mothers/support persons; 47 providers) between August and December 2016. Stakeholder participant demographic characteristics are presented in Table 1 .
The 'Explore' Sessions
Key insights and themes from the preliminary PAB sessions were analyzed to formulate the 'should haves', 'could haves', and 'cannot haves' of the DST (Table 2 ). Both parents and providers agreed that the tool should be factual and present statistical outcomes. Parents wanted a tool that included comprehensive treatment options and subsequent outcomes, regardless of whether those outcomes are positive or negative. They emphasized that the language should be neutral, sensitive, and inclusive, to avoid presenting biased information and excluding partners or support persons. Some families hoped that the tool would address patient values, such as faith and quality of life, as well as explain their legal rights and limitations for delivery and treatment options. Parents also suggested that the tool should be used to prompt a private conversation with providers, and that the providers should take the time to answer any questions that come up for the parents who used the tool. They also felt that providers need to engage with the individual(s) who are directly involved in making delivery-and treatment-related decisions, such as a partner or support person, so that mothers do not feel alone in the decision-making process, and then end on a hopeful note, so that families feel supported by their providers, regardless of the final decisions that they make.
While parents expressed the importance of having statistics and information to help prepare for a possible periviable delivery and minimize uncertainty, providers wanted the DST to be simple, help ease communication with their patients, and prevent families from experiencing information overload or false hope. Additionally, they suggested incorporating testimonials with statistics to help families visualize and comprehend the potential outcomes of a periviable delivery, including what it means for children to have mild, moderate, and severe disabilities and what type of care they would require throughout their lifespan. Parental insights helped the design team produce three separate prototypes, each meant to address patient-centered values and functional needs within the context of the experiences families face during this decision.
The 'Test' Session
A subset of 17 PAB representatives attended the final session in January 2017 to evaluate the three prototypes. Overall, the majority of participants responded positively to the user-friendly tablet prototype and found that it provided sufficient and unbiased information that would "calm" and prepare parents before engaging in conversations with their providers. They also provided suggestions to help improve aspects of the prototype, such as having a member of the medical staff introduce the tablet app to families to make it feel more personal. They suggested that presenting the statistical outcomes as graphs and charts would illustrate the data for individuals who may not comprehend percentages. The purpose of the values clarification activities was unclear to some participants. As such, they suggested adding language to explain how eliciting values will help patients make delivery and treatment decisions that reflect what is most important to them and to note that any response will not affect their care.
The family story videos prototype also received positive feedback, as participants believed that it provided a realistic, yet "warm" and "hopeful" visualization of the outcomes that can result from a periviable delivery. The videos created a common language that both providers and families understood by providing real-life stories that depicted the components of mild, moderate, and severe disabilities. Some participants suggested including additional videos of palliation and resuscitation in a manner that is informative but not traumatizing. They also wanted the videos to discuss the long-term outcomes that go beyond childhood and address how these outcomes may affect families, including finances and the support required to care for a disabled child. Participants stressed the importance of communicating to families that these stories are only examples and that the experiences of one family should not be compared to another.
The virtual reality experience was not widely accepted among our participants, as many were concerned that viewing newborn resuscitation may be traumatizing to families. Additionally, they were concerned that the technology would not be user friendly. Participants were also concerned about the feasibility of filming certain scenarios, such as palliative care, in a sensitive manner. Since virtual reality is a relatively new technology, they also felt that some families may feel uncomfortable using it due to lack of experience and knowledge of how to work the equipment. Furthermore, the prototype is limited to one user at a time, preventing mothers and their partners or support persons from engaging in conversation while 
Final Prototype Design
Based on findings from the final test session, it was decided that the tablet app was the most feasible, effective, and desirable tool for GOALS that both mothers and their partners or support persons can use together, with family story videos to supplement neutral and unbiased information with real stories. The developers agreed that the tool should be used to facilitate and not replace patient-provider conversation and provide information that is sensitive and realistic, but still hopeful. We also conclude that the app should incorporate graphics (e.g., pie charts, icon arrays) that update in real time based on user input and that should include links for users to have access to more information about outcomes. Based on additional recommendations from the co-design process, the family story videos will encompass a range of outcomes, including palliation, and the DST will communicate to users that these stories are only a few examples along a spectrum of possibilities. The values clarification exercises will also address social concerns, such as finances and family support systems. Ultimately, a summary report of individualized outcome estimations and the patient's responses to the values questions will be displayed at the end of the app so that they can be printed and discussed with the care team. This summary report should be used to facilitate effective SDM so that providers can clearly communicate treatment options, the risks and benefits of each option and the alternatives, and the uncertainty that surrounds each option, while also creating a window of opportunity for patients to communicate their values surrounding death and disability that may drive their decision-making for resuscitation or palliation.
Discussion
In an effort to improve the current quality of periviable counseling and to facilitate more patient-and family-centered periviable care, we set out to engage patients and providers in a user-centered research and co-design process to develop a DST prototype that will help expectant parents facing threatened periviable delivery engage in informed SDM regarding whether to opt for comfort care or resuscitation. After completing this process, we concluded that a DST that combines unbiased outcome estimates and values clarifications alongside family story videos would be most meaningful for patients and providers engaging in SDM in this context. We utilized a novel application of UCD methodology to ensure that patients, family members, and providers were true partners in every stage of design, and we anticipate continuing to engage these partners in future, testing and ultimately disseminating the tool. Clinical experts have stressed the importance of assessing individualized goals of care rather than following traditional clinical guidelines prescribed by gestational age [5] . The decision to resuscitate or palliate is highly 'preference sensitive', as the 'right answer' for a given woman and her family will depend largely on their values and perceptions related to death and disability, and contextual factors, such as support systems and other coping resources. Unfortunately, little is currently known about parents' goals of care-particularly their attitudes and perceptions related to the death or long-term disability that may result from periviable birth. Rather than relying solely on researcher or provider opinion to fill in these gaps, we used data obtained from our PABs to understand the perspective of pregnant women facing the threat of periviable delivery.
Concerns about the ethical implications of the use of DSTs have recently been raised, focusing on their potential to have powerful effects on patients' decision-making. Chief among these concerns is the possible introduction of developers' biases into the tools themselves [35] . UCD is a critically important method that can mitigate the potential for this type of bias and potential for ethical harm, as it fosters collaboration between design researchers and end users to leverage the expertise of all parties [36] by using an iterative process that utilizes participatory methods to draw out the 'native expertise' of stakeholders [37] . Our PABs included women who had a periviable delivery in the past and their family members and women who were pregnant and their family members. Employing this patient-informed refinement process not only mitigates the role of researcher bias, but also allows for improved effectiveness, usability, uptake and dissemination.
Our study is not without limitations. Because the PAB members were recruited from two academic tertiary care centers, their perspectives may not be representative of patients and providers in community-based health systems. However, academic health systems provide the bulk of high-risk obstetrical and neonatal intensive care, making this an important population of focus. The geographic, racial, and ethnic diversity gained from our multi-site study ultimately strengthens the generalizability of our findings to other academic centers across the nation. Further strengths of the work include the inclusion of important others/support persons, allowing us to gain broader perspectives in support of promoting familycentered care. However, our findings are limited because a relatively small portion of women participating in the study presented with a partner. Given these small numbers, additional larger studies are needed to gain adequate understanding of partner perspectives.
Despite these limitations, this work fills a critical gap in decision support design and intervention implementation for pregnant women and their families facing periviable delivery.
Guillen et al. published a report of a card-based decision aid to promote more informed periviable decision-making [38] and later paired it with video [39] . Moore et al. subsequently adapted that decision aid for use with a decision coaching model [40] . These authors utilized focus groups to engage stakeholders in developing and reviewing the content of their tools and, in doing so, made novel contributions in the arena of periviable decision support. However, to our knowledge, there currently are no published studies of tools that have explicitly incorporated values clarification exercises into the decision support process. Furthermore, this new tool is interactive and programmable (i.e., can be reprogrammed as outcomes change or improve over time) to enable patients to obtain personalized estimates of neonatal survival and neurodevelopmental impairment. Lastly, our UCD methodology incorporated extensive and on-going input from nearly 100 stakeholders, including parents and family members who had experienced periviable birth, naïve pregnant women, obstetricians, neonatologists and nurses, providing important insights and perspectives. These represent important advancements in both our tool development approach and the decision support product. These advancements offer the promise of substantial improvements in the quality and patient-centeredness of periviable counseling and care.
Conclusion
In closing, our results suggest that a DST that combines unbiased information and understandable outcomes with family testimonials can make a meaningful contribution to SDM in periviable care. We found UCD to be a useful method for creating an app-based DST prototype. By leveraging the expertise of a wide range of stakeholders, we expect that this method will lead to improved effectiveness, usability, uptake, and dissemination of the tool in the future.
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